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Of the barrage of sensory information that humans process, what affects the production and transmission of cultural forms such as norms, conventions, practices and beliefs? An important strain of empirical research has answered that explicit communication from known interlocutors that is consciously and deliberatively processed is most relevant [2] [3] [4] [5] [6] [7] [8] . This social network approach fits well with the common-sense psychology of how we infer and attribute meaning to others [9] , yet research in social psychology and social cognition offers a much richer picture of social information processing [10] [11] [12] [13] [14] [15] . A wealth of cues, many of them non-linguistic, make their way into our cognitive processes, both automatic and deliberative, and the conscious and unconscious behavior thus entailed. Is this set of stimuli redundant input for already overdetermined processes? Or might these cues have a fundamental role in tipping the dynamics of social processes toward specific outcomes?
This question is challenging to answer because implicit representations and unconscious cognitive processes are inaccessible to the subjects themselves [16] , which prevents reliable selfreporting. Research programs such as implicit association testing [17] and eye-tracking [18] offer fruitful pathways forward for some phenomena, but rather than similarly attempt to identify information consumption or representations at the individual level, this article instead assumes that different types of cues or signals are coupled to different information source types and then experimentally tests whether conjunctive exposure to different source types alters the outcome of a large-group coordination game. The affirmative results reported below suggest a need for empirical research on the functional significance of such sources and signals.
Information and Source Types
A distinction is commonly made between local and global sources of information [19] [20] [21] . The former includes anything learned directly from people or objects around the receiver and the latter is a one-to-many transmission, often with information about the world outside the receiver's milieu. In an age of social media and algorithmically-structured interactions, this distinction establishes two extremes of a continuum. Information from both source types, and anywhere in between, influences individuals' beliefs, opinions, tastes, and other cultural schema. Orthogonal to this common distinction, however, is a source's representativeness of the underlying features of the domain it covers. Global sources can be more or less biased in the mundane sense of conveying a well-balanced sample of goings-on. Can the same be said for local sources? The fundamental importance of social networks is that they circumscribe interaction and communication to a subset of the relevant population, suggesting local sources are inherently biased. If, however, social cognition makes use of extra-network stimuli-local stimuli other than those obtained via direct, conscious communication-local sources need not be biased.
Information theory treats communication as the realization of a stochastic process. It is generally assumed that signals come from an ergodic source, meaning the time averages for the random variables of the system are the same for each instantiation of the process, a more processual law of large numbers [22] . This quality implies that given enough observations of a signal source, the information contained therein will reliably reflect the underlying random variables. Much of human interaction is decidedly non-ergodic, however. What is being communicated is often changing (i.e. the source is non-stationary), and social networks make it likely that the messages conveyed by interlocutors are not representative of the population at large. Both properties can mean that the time series of observations at any given node will never converge to the mean, resulting in the maintenance of informational diversity.
An information aggregation process, such as the self-organization of a cultural form, would benefit from information from a more representative sources. A truly ergodic source is not necessary (ergodicity assumes stationarity, which is often lacking anyway), but something more representative might be found in the abundance of indirect, extra-network social cues in our physical and digital lives. A variety of social science perspectives see materiality and our local environment as fundamental parts of our social umwelt. Objects afford actions and meanings; we can read social position off physical, linguistic, and sartorial clues; we struggle to not hear others' conversations; and above all we orient our public presentations toward a sense of how we are perceived by an abstract, generalized other [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] . The informational value of these elements is assumed to be functionally insignificant in contemporary casual-mechanismsfocused research. This is a parsimonious and justified choice if the source of these signals is the same, or simply has the same properties, as the network source. It is likely not the same, however, because social space is layered into physical (and digital) space (i.e. is non-injective), creating many opportunities for exposures to signals from outside one's ego network but still within a culturally-relevant group.
As a first step toward understanding the potential informational value of these signals, this article abstracts away from the actual myriad forms of the signals to first focus on the effect of exposures to a signal source that does not have the biases of network sources. More specifically, it tests whether adding signals from a completely unbiased source can alter outcomes in a largegroup pure coordination game. Contra the structured source that is the flow of signals over a social network, this idealized source is unstructured insofar as there is no pointwise correlational structure between the set of all possible individual signals. The structure of the network-based source ensures there are such dependencies between signals. Very few, if any, social processes are unstructured at any scale, but a purely unstructured source serves as an important baseline; if the addition of a fully-unstructured source has no effect, it is almost certain that other, more biased sources would either.
While the results presented below make clear the value of unstructured sources, it is not clear a priori that combining signals from structured and unstructured sources would have a positive effect. Individuals derive benefit from successful interactions and therefore have no (direct) incentive to heed a signal from elsewhere, especially without knowing whether it was linked to successful behavior in its interactional context. But assuming individuals do nonetheless heed these signals, it might not change behaviors. Or the changes could be detrimental to the process of self-organization, encouraging too much exploration and not enough exploitation. After describing the design of the experiment and reporting the basic results, I explore in several ways why the addition of the unstructured source has the effect it does.
Experiment Design
To assess the importance of unstructured signals for self-organization, I make use of a recent experimental design of Centola and Baronchelli [1] (henceforth CB) exploring the relation between network topology and the emergence of social conventions in groups. The game design was derived from theoretical [35] [36] [37] [38] and formal models [39, 40] of the emergence of conventions and has since been extended [41] . Broadly defined, conventions are arbitrary but agreed-upon social practices that fulfill a function in social interactions. Alternatives could work just as well or even slightly better, but what is most important is that individuals have shared expectations about meanings and behavior. For example, titles like Mr., Mrs., and Professor can be used to show respect, deference, or to establish relative social rank in many societies. Alternatives include avoiding prolonged eye-contact or, in some languages, using formal pronouns. The meanings conveyed through these conventions have lasting effects on interactions. Language and culture are deeply conventional [37] , but so are more procedural practices like which side of the road to drive on and or when to pay for a meal at a restaurant. Defined formally, a convention is a solution to a pure coordination game [35] .
The results of the original experiment show that group-wide conventions emerged when the population mixes at random (i.e. homogenous mixing), but not for the random and lattice graphs tested. Groups embedded in these networks exhibit well-entrenched alternatives at the end of game play. This result makes clear that homogeneous mixing alone circulates sufficient relevant information for what is ultimately a complex contagion with many possible states [42] to reach the whole population. It is, however, only a starting point, and the question remains of what, if any, additional sources might allow networked groups to successfully self-organize conventions.
The game shows participants a headshot of an individual and incentivizes them to coordinate on a name for the individual. Participants are partnered with one of their network neighbors at random each round. At the start of each of round of the game, participants are given a timed period to individually submit a name and upon submission are shown the name their partner submitted. Partners who match individually receive a small monetary reward for the round. Partners who do not match are penalized, as long as their current cumulative rewards are sufficient. Participants are then assigned new partners for the next round. The three interaction topologies treatments are a random graph of constant degree four, a circular lattice of degree four, and a fully-connected graph, which is equivalent to homogeneous mixing for pairwise interactions.
The partners do not know each other's identities before or after the interaction, as this would introduce second-order social processes and skills that would obfuscate the dynamics of the core task and undermine the value of the experiment; for the low degree networks, participants would likely quickly solve the unique two-person coordination games by memorizing identities and the corresponding names, leading to ! pairwise solutions. The social value of conventions, however, is in the fact that they facilitate successful interactions across large groups of both known alters and strangers alike by removing the cognitive load of having to memorizing highly specific settings for particular behaviors. Withholding identities induces the more generalized group coordination setting.
To explore the value of unstructured signals within this design, we treat the whole group as if it occupies the same social (or even physical) space in spite of the social distances inherent in the social networks in which participants are embedded. Situating socially distant actors in a common social space ensures that they are exposed to some amount of unstructured information about the behavior of others within the group at large. These exposures take the form of each participant being shown additional names, each played by any other participant that round. The number of names--zero, one or two--constitutes the second treatment variable. The name or names are shown on the round's result page along with the name played by their partner. No information regarding who played the name or whether it matched that of the respective partner is given. Names are drawn at random with replacement and can include null values if the corresponding player failed to submit a valid name. (See Software and Subject Management Details for details.) Crucially, there is no direct benefit for matching any or all of these additional names and, furthermore, without the knowledge of the corresponding partner's behavior, the value of that name for coordination's sake is not known. It is merely a trace of socially-relevant activity that observers can process as they see fit.
Based on the findings in CB that the size of the group did not have an effect on the outcome, all trials in this design were conducted using 24 participants. In addition to the three network treatment factors in the original, I include a small-world network seeded with circular lattice of N 2 ofdegree four. Small-world networks share the important characteristics of local clustering and short characteristic path lengths with real world social networks [43] , but, as an interpolation between lattice and random networks, would not have added anything to the analysis in the original experiment given that the random topology did not self-organize a convention. Because of the potential for the unstructured signal treatment in the present experiment to change that outcome, small-world network topologies are included.
The unstructured signal exposure factor has three levels. Participants may be exposed to zero, one, or two additional names. The inclusion of the no-name condition replicates the CB experiment. Trials for this treatment were done before the other levels to confirm the commensurability of the game interface in spite of minor design differences (see Model Details). Because the fully-connected network produces global conventions without the addition of unstructured signals, I omit trials for the one and two additional names treatment levels. Most other treatment conditions have four trials, but replicated ones have two and the lattice network with a single additional name also has two because of the low likelihood of success given the characteristics of the topology. Table 2 shows outcomes for the whole experimental design. In addition to the results in CB fully replicating, it is clear that unstructured signals in the form of exposure to additional names affect the outcome. The effect is conditional, however, on features of the network topology treatmentlikely the average longest path length. It is not obvious that exposure to unstructured signals could break the symmetries blocking the coordinated outcome because (1) participants might well ignore information not immediately relevant to game play and financial incentives; (2) the wide variety of names seen through these exposures may be too hard for individuals to process into actionable information in a small amount of time; and (3) the additional variation in names could impede the emergence of locally-consistent behavior even if individuals properly incorporate it into their expectations. All that is clear a priori is that for many cases, each additional name yields additional information. The informational value of the unstructured signals and some alternative mechanisms are assessed below, but first we describe the temporal dynamics of the trials. Fig. 1 details the dynamics of select runs by plotting the number and concentration-as defined by the normalized Herfindahl-Hirschmann index-of names in circulation, and the percentage of pairwise interactions that are successful. The first and second columns strongly suggest that driving up the concentration of name usage, particularly in the early rounds, is the mechanism by which exposure to additional names aids in successful self-organization. This pattern also holds true for fully connected networks with no additional names and offers further evidence that seeing a more diverse set of names from across the population counterintuitively increases the concentration of name usage. Exposure to this wider range of names can lead to a lower local success rate, but, counter to the explanation given in CB for the success of trials with fully connected networks, early coordination failure does not itself lead to later success; random-graph treatments with no additional names also suffer from early local failure without long-term success, but, more importantly, trials with additional names can experience local success early on and still converge to a global convention as long as the concentration of names is also rapidly increasing. This change in concentration is of ultimate importance because the total number of names in circulation appears to depend primarily on the interaction topology and can decrease substantially without much change in the concentration, as a few entrenched alternatives with equal frequencies corresponds to a low concentration score.
Results
The presence of both outcomes within the same treatment cell, however, means that factors other than the number of additional names and network topology affect the outcome. Close inspection of individual participant's name-usage patterns reveals that some deploy high commitment strategies that are slow to respond to the changing distribution and possibly disrupt the progression toward order. Whether this is the case is hard to assess because the path toward high or low concentration is established well within the first ten rounds, a period when it is hard to adjudicate whether the high commitment strategies are in fact hindering any nascent drive toward high concentration and an eventual group-wide convention.
Taken together, these observations strongly suggest that signals of an unstructured variety can affect at least some classes of processes of social self-organization by increasing the rate at which possible states are eliminated from the system. By reflecting the diversity within the population, unstructured signals carry important information about the state of the broader system. In this experimental design, however, the signals are also simply additional information. In order to understand if these signals are in fact qualitatively different, the next section considers the value of each additional name and compares them to other potential source types.
The Informational Value of Unstructured Systems
One of the key insights of information theory is that the amount of information gained by receiving a message or signal depends on what the receiver already knows. That means it is possible to receive an information-less message, one that does not alter the receiver's knowledge. While a useful baseline, most signals do carry information, and the additional names in this design most often do. Thus, in order to know whether the source type of the signal rather than simply the number of signals has functional significance, those signals need to be compared to possible alternative sources of additional signals. If signals from unstructured sources tend to yield the same or less information than other sources, then any effects are more practically driven by the number of signals more than the type.
To assess this relative informational value of the unstructured signals within the name game experiment, I compare them to several alternative sources: additional names from network neighbors, additional names from new ties selected at random, additional names from new weak -maximally structural distant-ties, and the additional names from the maximally informative alters, defined post hoc. These comparisons are made at each round of the trial using the Kullback-Leibler divergence [44] from the distribution of names seen by individuals to the true distribution of names in the population. The experimental design collected data only for the case of the unstructured signals, so the other comparisons are made to synthetic distributions ofcomprised of each participant's distribution of names from normal interactions and additional names from the relevant source. Details of the divergence measure, including the required creation of a common support and the specification of the new sources, appear in the Simulation section.
The comparison cases are all from structured sources with a range of potential informational values. The first case-randomly selected network neighbors with whom the participant is not currently paired-is not likely to provide much additional information, as it is drawn from the same subset of the population the participant already interacts with. The names played by new, randomly-selected neighbors are likely to provide more information than the first comparison, but because individuals' name-use should quickly become more predictable, these signals are likely to be informative primarily in the early rounds. Following the literature on weak ties and structural holes [45, 46] , the names played by the structurally most distant participants-modeled here as those with the longest shortest path to the ego-should have relatively high informational value. The final comparison is to the names played by the participants whose histories of names are most informative of the true distribution of names in the population.
It is important to note that this approach cannot assess the effect of the actual exposure to the comparison signal types. The round-by-round true distribution is changing, as it did in the actual trial, based on participants' exposure to the unstructured source and not in response to the synthetic exposures. This means the differences in divergences presented below are pointwise and not cumulative, a shortcoming that will likely lead to noisy estimates of the differences. Instead of a pointwise comparison, one should rightly imagine the total informational divergence between the comparison cases as the sum of the divergence across all rounds, but that comparison is not possible with the current data. Nonetheless, the pointwise comparisons are a useful approximation of the information gains from various types of exposures.
Fig 2 shows the population average and standard variation of participants' differences in Kullback-Leibler divergences between the unstructured additional name treatment that was actually used in the experiment and the synthetic comparison source. Where the difference is positive, the distribution of names seen by the unstructured signals yields more information than the comparison source. To contextualize that difference, a comparison of the divergences from the true distribution to participants' distributions both with and without the unstructured signal to the true population is plotted on the right axes. The latter establishes the total amount of information participants without the unstructured signal would need in order to know the true distribution. One minus the latter divided by the former thus assesses what percentage of total uncertainty that was made up by the addition of the unstructured signals. The value of the participant with the highest ratio is recorded for each round of the game. This ratio tends toward one as participants accumulate a history of names, the group self-organizes, and the entropy decreases. (See the Methods section for the definitions.)
The population mean of the difference in divergences is greater than zero for nearly all games and rounds for the comparisons to the random neighbors, random others, and weak ties. The information gain of the unstructured signals is only less than that of the ties to the maximally informative participants, assessed post hoc. In the first round, differences are minimal in virtue of the low concentration among the alternatives leading to almost any additional name being equally informative. From there the comparative informativeness of unstructured signals builds, except when compared to the most informative. In trials in which a convention does emerge, this advantage appears to decline over time, but that is a direct result of the emerging order and the increasing concentration of names reducing the total amount of information necessary to describe the system. In cases with no emergent convention, the advantage is maintained, although it is not enough to overcome the now entrenched alternatives.
These comparisons do not make clear that the relationship between the number of additional names participants are exposed to and total information gained is not likely to be linear; the first several additional names are likely to carry the most information and subsequent ones less. To highlight this feature of unstructured signals, Fig 3 plots the average information gain of repeated, simulated exposures to a given number of names drawn from the empirical distribution. The second derivative of the number of additional names is negative for all surfaces, corresponding to the fact that, on average, each additional name is less informative than the last. Consistent with the comparisons in Fig 2, the value of the unstructured signals is diminished as the system becomes more ordered. (See Simulations for details.)
These simulations clarify the informational content of the unstructured source, but not the importance of it to the behaviors of the participants. A full model of the participants' behavior is outside the scope of this article, but simple tallies of the times the participants played and matched on a name i) they first saw through the unstructured source (before), and ii) they saw only through the unstructured source (only) strongly suggests their behaviors actively incorporated the information. Table 2 presents the grand average of the trials in the cells of the fraction of matches fitting the before and only definitions. The before fractions strongly suggest participants are responding to seeing names first from the unstructured source and then from the structured source. The only fractions, however, provide clear evidence that participants are responsive to the unstructured source. The dynamic consequences of this responsiveness can be seen in Table 1 , but there is no clear effect on the outcome in Table 2 .
Conclusion
This study shows that the addition of unstructured, extra-network sources of information can alter the outcomes of the self-organization of conventions. Data from this source type convey more information most other structured sources, including weak ties. Of the alternative sources tested, the only one to outperform the unstructured source contained the maximum amount of information, defined post-hoc. While this does not ensure that actors are attuned to such sources in vivo, it is clear that humans have the cognitive capacity to process a great deal of data, and the results reported here show that the incorporation of data from this source can decisively alter the outcomes in processes of self-organization involving collective computation [47, 48] . This potentiality is likely to be present in any setting where the dynamics bring the system near critical or tipping points, where small differences in local behavior cascade to substantially alter offuture system-wide dynamics [49] . In the context of this experiment, that period of criticality is early in the game, where the concentration of the distribution of names is set on a path toward either high-or low-concentration within the first ten rounds of the game (see Fig. 2 ). This means the symmetries that emerge in the control group are broken in a way that is unlikely to be noticeable to the participants. There is no period of entrenched, competing alternatives with one eventually winning out. Rather, competition is forestalled while the eventual winning name propagates through the network.
The evidence of the importance of unstructured signals fits with a range of thinking in the social sciences. Social theorists have long believed that social actors consciously observe the broader social environment for relevant cues [25, [50] [51] [52] [53] and have become interested in the role of fast, implicit modes of cognition [54] [55] [56] . The implications of such behavior are potentially vast given the rise of networked and algorithmically-driven societies. Codified social networks and the opaque algorithms of social media tend to limit exposure to less structured sources, potentially undercutting the emergence of broadly accepted cultural forms and meanings. Recent evidence suggests cross-cutting exposures can actually increase political polarization [57] , but this effect is measured well after the entrenchment of alternatives, exactly the outcome the results here suggest can be prevented if unstructured signals are present all along. is the distribution of names actually seen, and ! is the distribution of names excluding those from the unstructured source. The denominator thus accounts for the total information needed to know the true distribution and ratio represents how much of that information was transmitted by the names from the unstructured source.
Simulations. To clarify the informational value of the ! additional names from the unstructured source, we compare that source to other types. This requires constructing synthetic distributions by starting with the base distribution of the names (i.e. excluding those from the unstructured source.) for each participant and adding to that the names the participant would have seen if she had been exposed to the alternative source. The three sources are constructed in the following way: Random neighbors randomly selects ! names each round from among those played by the participant's neighbors with whom the participant is not currently paired with. Random other selects ! non-neighbors at the start of the game and reports their names played each round. The weak ties source identifies at the start of the game the ! participants for which the participant has the longest shortest path to and reports their names played each round. When there is a tie among path lengths, a new alter is randomly chosen. Because the addition of a weak tie changes the shortest paths, when there is more than one additional name the path lengths are recalculated with each additional tie. Finally, the maximum information source first tracks the total information gained by exposure to the names of all tuples of length ! of other participants. The tuple with the largest information gain is considered the maximum information source. of Tables and Figures   Table 1 . Experiment Results. Each box in the table represents one trial of the experiment for the given treatment combination. If the box is green, a global convention emerged, if red, it did not. Some conditions had fewer trials because i) they were replicating the results in C&B, or ii) in the case of the full network, very likely to produce global conventions, or iii) in the case of the one-name lattice treatment, very unlikely to produce a global convention. Network topology treatments are arranged from left to right by increasing average longest shortest path lengths. Table 2 . Unstructured Source Influence on Name Choice. Each cell contains the grandaverage for the applicable runs of the fraction of times participants matched on a name they had i) first seen via the unstructured source, and ii) had only seen via the unstructured source.
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Supporting Information
Subject Recruitment. All subjects were recruited through Amazon's Mechanical Turk marketplace (Mturk). This platform enables the recruitment of workers to complete online tasks and has been validated as a source of subjects for a wide range of behavioral experiments [1] [2] [3] [4] [5] [6] [7] .
To build the subject pool, any worker with a reasonably healthy history of work on Mturk was offered compensation to complete a short training module and take a comprehension test. The task paid well for the amount of time it took, so it was easy to recruit workers into the subject pool. This initial interaction familiarized subjects with the interface and game structure, but also satisfied Mturk's requirements for uniquely identifying and communicating with the worker in the future. This allowed the creation of a well-defined subject pool and control over which workers were permitted to join live sessions of the experiment. The day before a scheduled trial, a number of subject pool members were invited to play. Following the recommendation of Mason and Suri [4] , roughly four times as many pool members were invited than necessary to run the experiment. Those invitees were contacted shortly before the scheduled game as a reminder and again at the start of each session in order to provide a link to the interface.
The subject pool included slightly more than 300 members at any given time, as members were removed periodically for being unresponsive to invites and then replaced. Pool members were allowed to complete up to five sessions; the average number of completed sessions was 2.95, with an average of 20 days between sessions. For each game a list of invitees was created from this pool using the following criteria; No participants from the last session can be included; Those who were recently invited but did not start a session receive the highest priority; those who have yet to be invited get the next highest priority; those who have been invited but have not played get the next highest priority; for the remaining pool members, priority is less than the previous categories and inversely related to how recently they completed a session. If ever a set of members of equal priority was larger than what is necessary to create the list of invitees, the correct number of members was added by sampling uniform at random from that set. The above procedure was repeated until no more than four participants who completed the same previous session were included.
Game Play Details. The game interface was created using the oTree, an open source python platform for experiments [8] . As participants arrive for a session, they are shown a brief description of the task and the IRB statement of risk (Exempt-status). If they accept the task, they are shown the game instructions, which include a small comprehension test. Next, they must agree to not use means outside of the interface to attempt to coordinate. This establishes grounds for dismissal, but the real controls against such attempts are built into the software (see Software and Subject Management Details). Once they agree, they are taken to a waiting page until enough participants arrive. Subjects are paid one cent for every five seconds of waiting and are shown how long they have been waiting and their bonus for that time. This greatly increases the retention of subjects and their satisfaction with the task and compensation, which is crucial for maintaining a responsive pool.
Once enough participants have arrived, the game begins. Participants are shown a headshot of an individual and are asked to submit a name for her. Participants have 15 seconds to submit it and failure to do so in that time results their submission being recorded as null. Fig S1 is an example of this submission page. After everyone has submitted, the results are displayed. This differs from the design in the original experiment, which allowed for an asynchronous progression through rounds. While it seems unlikely to make a difference, synchronizing the rounds was necessary in this design because the second treatment factor required sampling from all names played in a round. To maintain commensurability, rounds were synchronized for all treatment levels, a choice that ultimately did not have an effect.
Partners who successfully coordinated earn $0.10. Partners who did not coordinate are penalized $0.05, unless their current cumulative total is already $0.00. The results page always shows the names each partner played, whether they matched, the amount of the reward or penalty, their current cumulative rewards and their history of successes or failures through the previous rounds (but not the names associated with those successes or failures). In the treatments where it was applicable, additional names were displayed. Fig S2 is an example of the results page. This page times out after 10 seconds. The progression through the submission, waiting, and results pages constitute of round of play. There are 25 such rounds in each session. After the 25 rounds, the final page reported the participant's final earnings, broken down into base pay, waiting bonus and game bonuses, and offered the opportunity to leave feedback.
Software and Subject Management Details.
In order to ensure the subjects' experience corresponded to the ideal experiment and that the experiment is internally valid, there are a number of important details to the design of the software and management of subjects. The features described below were added after reviewing data from trial runs of the experiment and additional research on the experience from the perspective of the workers done through direct (and compensated) correspondence with some and by reviewing forums that host robust communities related to working on Mturk (e.g. MturkNation, TurkerHub, Reddit).
In general, workers on Mturk are interested in participating in academic research but not at rates lower than they typically earn. In fact, because a new academic researcher lacks a good reputation (Turkopticon is an example of a system to create and disseminate reputation scores for all job posters) and presents a risk to workers, a premium on the typical rate can be necessary to ensure data quality, especially if the task takes more than a couple minutes. The modal worker is not doing tasks for entertainment, but rather to supplement income [5, 9] . This makes them sensitive to the effective hourly wage, and, although there is variability in their reservation wages, most workers seem to have the federal minimum wage in mind. Because most choose to accept a task based on a rough calculation of the effective hourly wage, any misrepresentations of estimated earnings or time to completion are likely to provoke ire.
Importantly, because workers think in terms of an effective hourly wage, the compensation structure of the experiment needs to correspond to the workers' overall incentive structure in the Mturk marketplace. In particular, a significant portion of the overall payment must be guaranteed for the completion of the task. Workers always have the opportunity to quit the current task and start a different one and therefore are often aware of a changing opportunity cost. If the task ofprogresses slowly or bonus earnings appear lower than expected or advertised, a small guaranteed payment might lead them to exit the task in spite of already having committed time to it. It is important then that the subject's current expected payment is roughly at or above the subject's reservation wage for that amount of time. In practice this means the guaranteed payment should be large relative to potential bonus earnings and idle time should be additionally compensated. The former incentive structure generally corresponds to rational behavior in regards to opportunity costs, but furthermore does not appear to undermine the ability of withingame incentives to "induce preferences" in the sense of Smith [10] ; once the guaranteed payment meets the reservation wage, in-game bonuses become an exciting opportunity to exceed the worker's earnings goal and workers try in earnest to maximize bonus earnings.
The compensation of idle time should in principle not be necessary if that time is included in the estimate of the time necessary to complete the whole task. However, workers generally view idle time as distinct from time spent on the task, likely because the experience of waiting makes them more aware of opportunity costs. Casual experimentation in the design of this experiment led to an idle-time compensation structure that delivered an effective hourly wage close to the prevailing reservation wage, broken into small increments. Paying one cent for every five seconds of waiting ensured a wage of $7.20/hour and that any amount of "unpaid" time was very small. Additionally, live tracking of the elapsed time and accrued bonus on the wait page created a gratifying experience for workers of being able to watch earnings grow.
A complication of this overall compensation structure is that it is more challenging to implement a "show-up" payment often used with traditional subject pools. Ensuring that the required 24 subjects are available requires over-recruiting, carefully monitoring arrivals and immediately removing the task from the Mturk listings once enough accept. Still, this often results in subjects in excess of 24. The Mturk platform does not allow people to be turned away once the task has been accepted, but one can ask workers to "return" the task. Unfortunately this precludes being able to compensate them through the normal means, requires them to trust the task poster to follow up, and generally risks upsetting them, possibly causing repetitional damage. Furthermore, given that workers have been personally invited and have been watching for an email to start the task, sending them off with a smaller show-up fee might harm their responsiveness to future invitations. While it increased costs, the long-term solution used here was for subjects in excess of 24 to play a version of the game against bots designed to make moderately intelligent choices. None of those subjects ever gave any indication they knew they were not doing the real task (although interestingly, some playing live participants commented that they thought they were playing bots). Subjects who played against bots were paid what they earned and were later dropped from the analysis.
Once subjects joined a session (after having read a brief description of the task and the IRB statement), they were shown the game instructions. This page had a comprehension task built in; rather than clicking a standard button to advance to the next page, subjects were directed at the end of the instructions to click a button hidden as the text "match names with playing partners" where it first appeared in the instructions. Knowing to click these words and scanning for them reinforced the basic task of the game and ensured active engagement. Roughly 10% of would-be subjects never made it passed this stage, although it was not possible to tell if they left the game for other reasons. Any subject who did not pass this comprehension test was unable to join the game and was forced to return the task.
Those subjects who passed the instructions and comprehension task were then asking to agree to not attempt use means outside of the game's interface to coordinate. This is a real concern for a population that has a robust set of forums and chat rooms dedicated to its community. I describe the primary software and management mechanisms used to defeat such attempts below. By asking subjects to agree to not use external means of coordination, a very weak form of control, I hoped to make subjects think twice about engaging in such behavior, but more importantly, create defensible grounds for removal from the subject pool if there was evidence of attempts to coordinate.
If subjects agreed to not use external means of coordination (all did), they were taken to a page to wait until enough subjects arrived. This page showed them the number of minutes and seconds they have been waiting and their compensation for that wait. Once at least 24 subjects made it to the wait page, the game began. The first page of each round displayed a headshot of an individual and a field to enter a name. An example of this page appears in Fig S1. With only two exceptions, the picture was always a younger woman because pretesting showed that other demographics had some focal points; photographs of middle-aged and older men without distinctive characteristics often quickly elicited a handful of competing alternatives (e.g. Bob, Mike, Bill). The same was true of older women (e.g. Janet, Susan, Patty). Pictures of younger women (roughly 25-45) elicited a broad range of first submissions. Participants had 15 seconds to submit a name and were taken to a wait page until all participants submitted names. On the results page, participants were shown the name they submitted, the name their current partner played, and, when applicable, the names from the unstructured source. They were also explicitly told whether the names matched, their payoff for the round, their cumulative earnings and their history of matches and failures (but not the related names). This page timed out after 10 seconds, although participants could advance past it to a wait page. An example of this page appears in Fig S2. I took several measures to ensure there was no external collusion among the subjects. Together these measures address multiple potential means of collusion and work together to all-but-ensure it did not happen. As subjects first arrive, the related IP addresses are screened to make sure there is only one subject per IP-address. The first subject to arrive from any address is allowed to remain, but all others are blocked from continuing, informed why, and asked to return the task. It is not uncommon for Mturk workers to work in the same household or workspace and while they might honestly avoid collusion, I erred on the side of caution and permitted only one. The more problematic case is a worker with multiple Mturk accounts. This is a violation of the Mturk Terms of Service agreement, but by their own admission on forums, some workers use multiple accounts. Those willing to ignore such rules might also try to use virtual private networks to use different IP addresses for each account, but they would have had to do that before arriving. Furthermore, in virtue of how invitation groups are chosen, the probability of two or more of their worker IDs being present in the same group is very low. This is because the experimenter ofcontrols which worker accounts receive an invitation to a game and have the necessary "qualification" for it. (A qualification is a virtual token within the Mturk platform that can be used to control which workers can do which tasks.) Without an invitation and the requisite qualification, workers are unable to join a session. I used qualifications to ensure that no more than 4 workers ever played the same session together. The final precaution I took to protect against in vivo-collusion was to make sure there was no relationship between arrival time and the location in the network; while small-scale efforts at collusion could be successful if those colluding are network neighbors, the nature of the game renders such efforts ineffective or possibility counterproductive if would-be colluders are not network neighbors.
Within the game itself, there are several features to prevent collusion. The first is actually just a basic design of the game; participants have only 15 seconds to submit a name. Failure to submit costs a participant rewards and can lead to expulsion from the game, a fact participants are reminded of every time they fail to submit. Given this time constraint participants typically submit immediately (~5 seconds). Even those who do not submit immediately have very little time to attempt to communicate with other participants about emerging patterns in the names. Timed submissions do nothing to protect against premeditated attempts at collusion, however. Given that workers know the date and time of the game in advance, they might seek each other out on forums in advance and agree to use the same name. I have found no evidence of this on the forums I was able to gain access to (some have very high bars for admission), but I nonetheless added more comprehensive features to defeat such efforts. The primary means is a screening and blocking of names that exhibit surges in frequency. A name that appears for the first time with more than two instances is "blacklisted" for that round. It is not farfetched for the name "Sarah" to be the first submission for multiple participants, but, erring on the side of caution, my software barred any name that first appeared with three or more instances. When a name was barred, those submitting the name were told the name is blacklisted, but not why. Partners of those submitting the barred name were informed that their partner had not submitted a name, not that it had been barred. Multiple names could be barred in any given round, but the barred status is confined to that round only. If one or two instances of a previously barred name are submitted in a subsequent round, it is accepted without comment. This is because participants frequently exhibit the suboptimal behavior of introducing new names well into the game (this behavior was also observed in the original experiment) and there is no reason for barring these submissions. This barring mechanism was triggered a total of 20 times in the 825 total rounds of play. All instances occurred in the first round of play. 12 of instances were three participants submitting the same name. Five instances included multiple names being barred. The largest incident was the submission of the same name by 9 participants. The barring mechanism effectively removed the name from circulation, as participants immediately abandoned it, meaning that a barred name never became a global convention. Interestingly, only 5 of the 20 trials for which the barring mechanism was trigger ultimately resulted in a global convention, suggesting something about the barring mechanism or the behavior it targets might have harmed the prospects for future success. It is clear that, whether premeditated or coincidence, these instances did not contribute the emergence of conventions, although they might have inhibited it ofin some instances, leading to the underestimated of the effect of the presence of the unstructured source.
The screening of names for the purpose of barring is only applied to names that have not yet appeared in the session. Once a name has been successfully introduced, it might still be implicated in collusion efforts happening outside of the game interface. If the name "Sarah" is submitted by a single participant in the first round, but then by 10 participants in the second round, collusion could be the reason. That is not guaranteed to be the case, however. After a participant submits the name, their partner sees it and is very likely to play it. In treatments where random names are also shown, any number of other players may have seen the name on their results page and accordingly played it. Given this structure, preventing collusion requires judging whether a name is spreading around the network too quickly. To do this, I track each participant's exposure to names, meaning simply any name they have seen or successfully played (i.e. was not barred). Once a participant has been exposed to a name, I assume it is completely reasonable for them to play it and therefore the spread of that name to this participant did not happen outside the confines of the game interface. One could have a more demanding definition of exposure that considers the likelihood that participants will forget names seen many rounds ago, but implementing a suitable rule for the game would require making specific assumptions about how participants process the information that might not be justified.
To reconcile the idea of proper exposure with the fact the participants contribute names they have not been exposed to, only one player per round is permitted to play a name they were not properly exposed to. If two or more participants submit a name they were not properly exposed to, the name is barred for all such participants and their submission is recorded as a null. Others playing the same name but who have been properly exposed do not have their submission barred.
While not a foolproof system for guarding against impermissible coordination, it would take an impressive amount of organizing by the participants to defeat the system and it still grants participants significant latitude in name choice. This type of screening happened only 6 times in the 792 applicable rounds of play and none of the affected names went on to become a global convention.
The two mechanisms of barring name described above offer significant protection against any organized effort on the part of participants to game the system. Another possible way to game the system would be to submit natural focal point words, such as "woman" or "name". Such efforts would have the virtue of being of not needing to be centralized. This potential problem is addressed simply by creating a list of words the input field will not accept, thereby preventing the participant from submitting and advancing to the next page. Whereas barring surges in names requires the names to have been submitted and tallied, focal point words can be screened out before submission and participants can still submit a valid name. Roughly twenty focal point words, mostly nouns, including a number of obscenities, were screened-out. Furthermore, any names that appeared in the trainings module were added for the obvious reason that participants could be primed to focus on them.
A few additional design features work to ensure the integrity of the experiments. The pictures of the individuals to be named by participants were changed every two games. No worker in the subject pool can play two games in a row, so the changing the picture every two games ensured no worker ever saw the same picture. The usual means of downloading images was also disabled for the game just in case workers considered attempting to use the image as a means of coordination on forums.
As the above description of the software suggests, using Mturk as a subject pool presents some challenges and still has some of issues any subject pool can have, but most of these issues can be addressed through proper subject pool management and software design. The attempts to game the system were successfully defeated and, if anything, led to the underestimation of the effect of unstructured information sources. In principle a very sophisticated effort built around knowledge of my defeat devices could go undetected by my software, but even in the highly improbable event such an effort succeeded regularly, one would still need to account for the consistent pattern in the results; the information dynamics play a crucial role in determining group-level outcomes. Finally, related to the consistency of the results, the fact that subject pool members often participated in several games allowed them to learn from their experience and possibility improve their play overtime. Because there was no systematic relationship between treatment variables and when the trial fell in the sequence, the possibility of improved game play only bolsters the central pattern in the results; when a group is able to find a global convention does not depend on the skill of the participants but rather the information dynamics.
Network Design Details. All networks were generated using the python package NetworkX [11] . The small world networks had a rewiring probability of .2 and were guaranteed to be connected. These graphs were used to create pairs of neighbors for the 25 rounds of each trial. Participants need a partner for each round, so the set of pairings for each round was chosen random from among complete pairings. Because the sequence of pairings could have its own effect, the sequences were reused for the different treatment levels of unstructured information. For example, the 12 trials with small world networks used only four network-pairing sequence combinations, reusing each of the four once in each information treatment. There was no obvious effect of pairing sequences so no further analysis was pursued. 
